The paper discusses the effect of age and seasonal variations on leachate characteristics of leachate generated from municipal solid waste (MSW) 
INTRODUCTION
India, the world's second highest populated country with population exceeding a billion and one of the fastest urbanizing countries, is a land of physical, climatic, geographic, ecological, social, cultural and linguistic diversity. India currently is facing a municipal solid waste dilemma, for which all elements of the society are responsible. The community sensitization and public awareness is low. There is no system of segregation of organic, inorganic and recyclable wastes at household level. There is an adequate legal framework existing in the country to address MSWM. What is lacking is its implementation. In spite of a stringent legislation in place, open dumping is the most wide spread form of waste disposal. The possible reasons for poor implementation could be a combination of social, technical, institutional and financial issues. Public awareness, political will and public participation are essential for the successful implementation of the legal provisions and to have an integrated approach towards sustainable management of municipal solid wastes in the country. Management of Municipal Solid Wastes (MSW) continues to remain one of the most neglected areas of urban development in India. With the rapid industrialization and population growth, the status of our environment is degrading day by day. As the limits of urbanization are extending to far flying areas in India, the problem of solid waste management is causing a great concern to our environment. MSW generation, in terms of kg/capita/day, has shown a positive correlation with economic development at world scale. Due to rapid industrial growth and migration of people from villages to cities, the urban population is increasing rapidly. Waste generation has been observed to increase annually in proportion to the rise in population and urbanization. The per capita generation of MSW has also increased tremendously with improved life style and social status of the populations in urban centers [1] . As more land is needed for the ultimate disposal of these solid wastes, issues related to disposal have become highly challenging [2] . Seeing the scenario of increase in generation, improper utilization and disposal of waste in the country, the Ministry of Environment and Forest (MoEF) has implemented Municipal Solid Waste (Management and Handling) Rules, 2000 [3] , which states that Municipal Solid Waste (MSW) is commercial and residential wastes generated in a municipal or notified areas in either solid or semi-solid form, excluding industrial hazardous wastes but including treated biomedical wastes. These solid wastes are generally disposed off in a low lying area called sanitary landfill area by the municipal authorities. These rules have specified many __________________________________________________________________________________________ Volume: 02 Issue: 08 | Aug-2013, Available @ http://www.ijret.orgcompliance for the management of solid waste for the State Committee and Pollution Board, which includes proper segregation of solid waste into biodegradable waste, recyclable and others i.e., non-recyclable wastes are stored in colored bins at the source of generation and properly treated, recycled and disposed to landfill areas.
The quantity of municipal solid waste in developing countries has been consistently rising over the years [4] . Today more than 45 million tones/year of solid waste is generated from the urban centres of India which are collected inefficiently, transported inadequately and disposed unscientifically [5] . The generation is expected to rise to 125 million tonnes/year by the year 2025 [6] . According to Ministry of Urban Affairs, Govt. of India estimate, India is generating approximately 100,000 metric tones of solid waste everyday of which 90 % is dumped in the open place [7] . In Delhi, the capital of India alone, more than 5000 tonnes of MSW is generated everyday and is expected to rise to 12750 tonnes per day by 2015 [8] . The MSW generated per day in India's other major cities are Mumbai-6050 tonnes, Kolkata -3500 tonnes, Chennai-2500 tonnes, Bangalore-2000 tonnes, Hyderabad-1800 to 2000 tonnes, Lucknow-1500 tonnes and Ahmedabad-1280 tonnes [7] . The municipal solid waste composition varies from place to place and also bears a rather consistent correlation with the average standard of living [9] .
Generally in India, MSW is disposed of in low-lying areas without taking proper precautions or operational controls. Therefore, municipal solid waste management (MSWM) is one of the major environmental problems of Indian megacities. MSW management encompasses planning, engineering, organization, administration, financial and legal aspects of activities associated with generation, storage, collection, transport, processing and disposal in an environmentally compatible manner adopting principles of economy, aesthetics and energy conservation [10] . The management of MSW is going through a critical phase, due to the unavailability of suitable facilities to treat and dispose of the larger amounts of MSW generated daily in metropolitan cities. The MSW amount is expected to increase significantly in the near future as India strives to attain an industrialized nation status by the year 2020 [11, 12, 13] . The management of MSW requires proper infrastructure, maintenance and upgrade for all activities. This becomes increasingly expensive and complex due to the continuous and unplanned growth of urban centres. The difficulties in providing the desired level of public service in the urban centres are often attributed to the poor financial status of the managing municipal corporations (8, 14, 15] .
Inefficient management and disposal of MSW is an obvious cause for degradation of environment in the developing countries. Ecological impacts such as land degradation, water and air pollution are related with improper management of municipal solid waste [16] . In Asian developing countries, most of the municipal solid waste is dumped on land in more or less uncontrolled manner. Lack of sufficient awareness at the grassroots level of the waste generators add to the problem of littering. As a result there is a serious threat to public health due to environmental pollution. Unscientific disposal causes an adverse impact on all components of the environment and human health [17, 18, 19, 20, 21, 22 ].
LEACHATE GENERATION AND CHARACTERIZATION
One of the major pollution problems caused by the MSW landfill is landfill leachate, which is generated as a consequence of precipitation, surface run-off and infiltration or intrusion of groundwater percolating through a landfill, biochemical processes and the inherent water content of wastes themselves. Leachate is the liquid residue resulting from the various chemical, physical and biological processes taking place within the landfill. Landfill leachate is generated by excess rainwater percolating through the waste layers in a landfill. A combination of physical, chemical and microbial processes in the waste transfer pollutants from the waste material to the percolating water [23] . After a landfill site is closed, a landfill will continue to produce contaminated leachate and this process could last for 30-50 years. Generally, leachate may contain large amounts of organic matter (biodegradable, but also refractory to biodegradation), as well as ammonia-nitrogen, heavy metals, chlorinated organic and inorganic salts, which are a great threat to the surrounding soil, groundwater and even surface water [24, 25] . The compositions of leachate can be divided into four parts of pollutants. Organic matter such as: COD (chemical oxygen demand) and TOC (total organic carbon); specific organic compounds, inorganic compounds and heavy metals [26] . However, the organic content of leachates is often measured through analyzing sum of parameters such as COD, BOD (biochemical oxygen demand) and TOC and dissolved organic carbon.
The composition of landfill leachate, the amount generated and the extraction of potential pollutants from the waste depend upon several factors, including solid waste composition, degree of compaction, absorptive capacity of the waste and waste age, seasonal weather variations, levels of precipitation, Landfill temperature, size, hydrogeological conditions in the vicinity of the landfill site, engineering and operational factors of the landfill, pH, landfill chemical and biological activities [27, 28, 29, 30] . A simplified water balancing equation takes all of these factors into account and allows designers to predict an amount of leachate that will be produced by the landfill. The production of leachate also varies widely through the successive aerobic, acetogenic, methanogenic and stabilization stages. The degradation process of the waste in a landfill passes through different phases. The first phase which is normally short is characterized by the aerobic degradation of organic matter. When the oxygen is depleted, the degradation continues anaerobically. The anaerobic degradation process consists of two major fermentation phases, the acidogenic phase generating "young", biodegradable leachate and the methanogenic phase, generating "old", stabilised leachate [32] . During fermentation organic molecules are broken down into simpler substances in an energy yielding process. Some physico-chemical characteristics are typical for each phase whereas other parameters are not specifically phase dependant. "Young" leachate from the early acidogenic phase contains large amounts of readily biodegradable organic matter. The complex organic compounds are fermented anaerobically, yielding mainly soluble organic acids such as free volatile fatty acids (VFAs), amino acids, other low molecular weight compounds and gases like H 2 and CO 2 [33] . The concentration of VFAs can be quite significant, representing 95% of the total organic carbon (TOC), leading to low pH (around 5). Typical chemical oxygen demand (COD) values are 3000-60000 mg/l [34] . High ratio BOD 5 /COD values of 0.5-0.7 indicate large amounts of biodegradable organic matter [35, 36] . During this phase the metals are more soluble because of lower pH and the bonding with the VFAs, leading to relative high concentrations of Fe, Mn, Ni and Zn [33] .
"Old" leachate from the methanogenic phase is partially characterized by the lower concentration of VFAs [35] . This is due to their conversion into CH 4 and CO 2 as gaseous end products during this second fermentation period. As the content of VFAs and other readily biodegradable organic compounds in the leachate decreases, the organic matter in the leachate becomes dominated by refractory compounds, such as humic like compounds and fulvic acid like substances [33] . Thus a low ratio BOD 5 /COD, most often close to 0.1, is a characteristic value for stabilised leachates [36] . The humic substances give a dark colour to stabilised leachates. The decrease of VFAs results in an increase in pH. A characteristic pH value for stabilised leachates is around 8 [36] . The concentration of metal ions is in general low due to the decreasing solubility of many metal ions with increasing pH. However, lead is an exception, since it forms very stable complexes with the humic acids [33] . Besides the effect of the shifting pH on metal-ions, there is the reduction of sulphate to sulphide during this phase, which increases the precipitation of metals ions.
In general, the strength of leachate decreases with time due to biological breakdown of organic compounds and precipitation of soluble elements such as heavy metals. Due to its biodegradable nature, the organic compounds decrease more rapidly than the inorganic compounds with increasing age of leachate production. Therefore the ratio of total volatile solids to total fixed solids (VS/FS) decreases with the age of the landfill [35] .
Three main groups of landfills are classified as young (less than five years), intermediate (5-10 years), and old or stabilized (more than 10 years). Table 1 summarizes the typical characteristics of leachate according to age of landfill [24, 37] . The typical chemical concentrations in young and old landfill leachate comparing with sewage and groundwater are also shown in Table 2 [38]. According to the study of Diamadopoulos, the concentration of the organic substances and the ratio of BOD to COD are generally higher during the active stage of decomposition and decrease gradually due to leachate stabilization [41] .
In the present study, the experimental work is carried out to determine the effect of landfill age and seasonal variation on leachate characteristics of leachate generated from MSW landfill site of Ludhiana City, Punjab.
Leachate samples were collected and analyzed for various physico-chemical parameters to estimate its pollution potential. The effect of landfill age and seasonal variation on leachate composition was studied. This study aims to serve as a reference for the implementation of the most suitable technique for reducing the negative environmental effects of discharged leachate.
STUDY LOCATION
Ludhiana is the largest city in Punjab, both in terms of area and population lies between latitude 30 0 55' N and longitude 75 0 54' E. The Municipal Corporation limit of city is spread over an area of 141sq.km. The population of the city within the Municipal Corporation area is estimated at 34,87,882 in 2011 [42] . The climate of Ludhiana is semi arid with maximum mean temperature reaching upto 42.8 0 C and minimum mean temperature is as below as 11.8 0 C. Total rainfall during the year is 600-700 cm; 70% of total rainfall occurs from July to September. The altitude varies from 230 m to 273 m from mean sea level [43] . Leachate sample for the present study was collected from Jamalpur landfilling site of Ludhiana City. (Table3). No cover of any description is placed over the spread waste to inhabit the ingress of surface water or to minimize litter blow and odours or to reduce the presence of vermin and insects. Rag pickers regularly set fire to waste to separate non-combustible materials for recovery. Since, there are no specific arrangements to prevent flow of water into and out of landfill site, the diffusion of contaminants released during degradation of landfill wastes, may proceed uninhibited. No proper compaction is done to compress the waste into the site.
MATERIALS AND METHODS

Leachate Sampling and Analysis
To determine the quality of leachate, integrated samples were collected from different landfill locations. Leachate sample was collected from landfill site on Tajpur Road at Jamalpur Village having 25 acres of low lying land area. This site is non-engineered low lying open dump. It has neither any bottom liner nor any leachate collection and treatment system. Therefore, all the leachate generated finds its paths into the surrounding environment. The landfill site is not equipped with any leachate collectors. Leachate samples were collected from the base of solid waste heaps where the leachate was drained out by gravity. ) and heavy metals like Iron (Fe), Lead (Pb), Chromium (Cr), Cadmium (Cd), Copper (Cu), Zinc (Zn), Nickel (Ni) and Arsenic (As) were analyzed to determine pollution potential of leachate discharge from MSW landfill site to estimate its pollution potential. 
Parameters
RESULTS AND DISCUSSION
Leachate samples of MSW landfill site of ludhiana were collected and analyzed for various physico-chemical parameters to estimate its pollution potential. It has been found that leachate samples contain high concentration of organic and inorganic constituents beyond the permissible limits. While, heavy metals concentration was in trace amount as the waste is domestic in nature. The data presented in this study indicated that with the passage of time and with seasonal variations particularly during rainy season values of various parameters increased, reason being with time the solid waste material degraded and the waste constituents percolated down along with rainwater. Thus, the age and seasonal variations has a significant effect on leachate composition. The results of leachate analyzed for various physico-chemical characteristics and also standards for the discharge of treated leachates on Inland surface water, Public sewers and Land disposal were shown in Table 4 .
Color and Odour
The color of leachate samples were orange brown or dark brown. Associated with the leachate is a malodorous smell, due mainly to the presence of organic acids, which come from the high concentration of organic matter when decomposed. The high concentration of colour in landfill leachate is due to the presence of high organic substances [47] . In general, leachate produced by an old landfill with low biodegradability is classified as stabilized leachate. Stabilized leachate contains high levels of organic substances such as humic and fluvic compounds, which can be indicated by leachate colour [48] . Humic substances are natural organic matter made up of complex structures of polymerized organic acids, carboxylic acids and carbohydrates [49] .
pH
pH values of leachate samples of the landfill site were 9.8, 9.10 and 10.3 during winter, summer and rainy season, respectively. The results are consistent with those published by previous authors [50, 51, 52, 53] . Higher pH values of 8.3-9.10 were recorded from the stabilized leachate of semiaerobic landfill [48] . The pH varied according to the age of landfills [54] . Generally, the pH of a stabilized leachate is higher than that of a young leachate [55] . Leachate is generally found to have pH between 4.5 and 9 [56] . The pH of young leachate is less than 6.5 while old landfill leachate has pH higher than 7.5 [57, 58] . Stabilized leachate shows fairly constant pH with little variations and it may range between 7.5 and 9. Chian and DeWalle reported that the pH of leachate increased with time due to the decrease of the concentration of the partially ionized free volatile fatty acids [35] . The increase in pH suggested that a steady state has been reached between acid producing processes (e.g., cellulose and lignin degradation) and acid consuming processes (e.g., methane formation) at the landfill [59] .
TS, SS and TDS
TS and SS values of leachate samples of the landfill site were 7695 mg/l, 7896 mg/l, 8198 mg/l and 1132 mg/l, 1213 mg/l and 1335 mg/l during winter, summer and rainy season, respectively. Typical SS values of 200-2000 and 100-400 mg/l were recorded for the new (less than two years) and mature landfills (more than 10 years), respectively [10] . TDS values of leachate samples of the landfill site were 6563 mg/l, 6683 mg/l and 6863 mg/l, respectively. TDS comprises mainly of inorganic salts and dissolved organics. TDS is one of the parameters taken into consideration for licensing discharge of landfill leachate in many countries such as the UK [60] .
Turbidity
Turbidity values of leachate samples of the landfill site were 79 NTU, 85 NTU and 93 NTU during winter, summer and rainy season, respectively. The turbidity values in the present study are consistent with those in previous studies [47, 61, 62, 63] .
Hardness
Hardness values of leachate samples of the landfill site were 638 mg/l, 728 mg/l and 823 mg/l during winter, summer and rainy season, respectively. The measured hardness values were considerably higher than the standard limit. The hardness values in the present study are consistent with those in previous studies [61, 62, 63 ].
BOD 5
BOD is the measure of biodegradable organic mass of leachate and that indicates the maturity of the landfill which typically decreases with time [64] . In this study, the BOD values for leachate at landfill site were 495 mg/l, 512 mg/l and 596 mg/l during winter, summer and rainy season, respectively. The measured BOD values were considerably higher than the standard limit. The BOD values recorded for the leachate samples were above the permissible standard limit. This may be due to the reason that with time the solid waste material gets degraded and the waste constituents percolate down along with rainwater thus polluting groundwater nearby to MSW landfill site. BOD value varies according to age of landfills. For new landfills, BOD values were 2000-30000 mg/l; for mature landfills, BOD value varies from 100-200 mg/l [10] . Greater BOD values were reported by previous researchers [47, 50, 65, 66] .
COD
COD represents the amount of oxygen required to completely oxidize the organic waste constituents chemically to inorganic end products. The COD values for leachate samples of the landfill site were 2535 mg/l, 2612 mg/l and 2935 mg/l during winter, summer and rainy season, respectively. The measured COD values were considerably higher than the standard limit. The COD values recorded for the leachate samples were above the permissible standard limit. This may be due to the reason that with time the solid waste material gets degraded and the waste constituents percolate down along with rainwater thus polluting groundwater nearby to MSW landfill site. Greater COD values were recorded by other studies [51, 61, 48, 63] .
BOD 5 /COD Ratio
Organics in leachate are characterized by different levels of biodegradability. In this study, the BOD 5 /COD ratios for the collected leachate samples of the landfill site were 0.19, 0.19 and 0.20 during winter, summer and rainy season, respectively. The BOD 5 /COD ratio is consistent with those recorded by other researchers [47, 51] . Generally, the BOD 5 /COD ratio describes the degree of biodegradation and gives information on the age of a landfill. The low BOD 5 /COD ratio shows the high concentration of nonbiodegradable organic compounds and thus the difficulty to be biologically degraded [65] .
Chlorides
The chloride values of leachate samples of the landfill site were 1836 mg/l, 1955 mg/l and 2336 mg/l during winter, summer and rainy season, respectively. The measured chloride values were considerably higher than the standard limit. Higher ranges of 490-1190, 360-4900 and 580-10100 mg/l were previously recorded by other researchers [50, 54, 66] . For new and mature landfills, the chloride values are 500 and 100-400 mg/l, respectively [10] . According to Deng and Englehardt (2007) , the concentration of chlorides may range between 200-3000 mg/l for a 1-2 year old landfill and the concentration decreases to 100-400 for a landfill greater than 5-10 years old [67] .
Nitrate
The nitrate values for leachate at landfilling site were 18.6 mg/l, 19.2 mg/l and 20.3 mg/l during winter, summer and rainy season, respectively. The measured nitrate values were considerably higher than the standard limit. Microbial decomposition of organic carbon influences on many processes of the nitrogen cycle. With time, nitrogen concentration decreased due to microbial utilization of nitrate compounds and denitrifying as ammonia gas [68] . Nitrates are the primary contaminant that leaches into groundwater. The United States Environmental Protection Agency (USEPA) has set a maximum contaminant level of 10 mg/l for nitrate in public water supplies [69] .
Total Phosphorus
Total phosphorus values for leachate at landfill site were 83.5 mg/l, 88.3 mg/l and 90.6 mg/l during winter, summer and rainy season, respectively. The measured total phosphorus values were considerably higher than the standard limit. Phosphorus is one of the key elements necessary for growth of plants and animals and is a backbone of the Kreb's Cycle and Deoxyribonucleic acid (DNA). Phosphorus transported from agricultural lands to surface water can promote eutrophication, which is one of the leading water quality issues in lakes and reservoirs. Current recommendations of USEPA, total P should not exceed 0.05 mg/l in a stream at a point where it enters a lake or reservoir and 0.1 mg/l in streams that do not discharge directly into lakes or reservoirs [69] .
Sulphate
Sulphate values for leachate at landfill site were 48.7 mg/l, 65.1 mg/l and 53.8 mg/l during winter, summer and rainy season, respectively. Sulphate values of 98-374 and 22-650 mg/l were previously recorded by other researchers [54] . Typical sulphate values of 300 and 20-50 mg/l were recorded for new (less than two years) and mature (more than 10 years) __________________________________________________________________________________________ Volume: 02 Issue: 08 | Aug-2013, Available @ http://www.ijret.org 229 landfills, respectively [10] . However, the measured sulphate values were exceeded the permissible level (0.50 mg/l). The sulphate content of leachate mainly depends on the decomposition of organic matter present in the solid wastes. It is expected to decrease with refuse age. This decrease is caused by the reduction of sulphate to sulphide coincident with the initiation of anaerobic conditions in the landfill [70] . Thus, the sulphate concentration in leachate can also be used as an indicator of waste stabilization within landfill.
Heavy Metals
Heavy metals viz Iron, Lead, Chromium, Cadmium, Copper, Zinc, Nickel and Arsenic values for leachate at landfill site were in trace amount as the waste is domestic in nature.
In general, the concentration of heavy metals in landfill leachate is fairly low [56] . Concentration of heavy metals in a landfill is generally higher at earlier stages because of higher metal solubility as a result of low pH caused by production of organic acids [54] . As a result of decreased pH at later stages, a decrease in metal solubility occurs resulting in rapid decrease in concentration of heavy metals [33] . 
